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Windsor, Ontario

INTERNATIONAL JOINT COMMIécSION
GREAT LAKES SCIENCE ADVISORY BOARD
100 OUELLETTE AVENUE, 8TH FLOOR
WINDSOR, ONTARIO, CANADA N9A 6T3

November 1983

Internationa1 Joint Commission
Canada and the United States

Commissioners:

The Great Lakes Science Advisory Board, in partia1 fu1fi11ment of its
responsibiTities under the Great Lakes Water Qua1ity Agreement of 1978, is
p1eased to submit its 1983 Annua1 Report to the Commission.
In this report the Board describes its ongoing efforts to assess the
effects of persistent toxic substances on the hea1th of the Great Lakes
ecosystem and summarizes the findings and recommendations of the Aquatic
Ecosystem Objectives Committee and the Joint Human Hea1th Effects Committee.

The Board a1so presents information on some new techniques current1y
being deveioped that in the future may have significant imp1ications on Great
Lakes water qua1ity and resources.
This year the Board underwent many changes in membership inc1uding the
appointment of new co-chairmen. As a resu1t, the Board spent a considerab1e
amount of time re-assessing its ro1e and structure. Many changes were made,
inc1uding the formation of an executive committee and re-structuring of the
Board's standing committees and task forces. The Board fee1s that these
administrative and structura1 changes have contributed to considerab1e
progress as wi11 be evident to the Commission from this report.
ReSpectfu11y submitted,

Richard L. Thomas
Chairman
Canadian Section

Vinton N. Bacon
Chairman
United States Section
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Summary

In 1982, the Science Advisory Board conducted a review of Great Lakes
research and concluded that insufficient resources and efforts were expended
on eight critical water quality issues (page xvii). In 1983, the Board
decided to examine these issues in more detail to determine the current state
of scientific knowledge about each of them and to identify knowledge gaps.
Four Committees and
the Board, investigated
included their findings
recommendations. These
report.

several Task Forces, operating under the direction of
these issues. Progress reports were prepared that
and, in some cases, their conclusions and
progress reports constitute the first chapter of this

A chapter on new develOpments and advances in science significant to Great
Lakes water quality is also included in this report. Two areas are discussed:
developments in water pollution control technology and the application of
genetic engineering in the fields of fisheries sciences and water pollution
abatement.

The following conclusions and recommendations were derived from the
activities of the Board and its Committees and Task Forces during 1983.

THE ECOLOGICAL CONSIDERATIONS COMMITTEE

1.

THE HEALTH 0F AQUATIC COMMUNITIES TASK FORCE

Information was collected from the research institutions on studies
concerning the potential effects of persistent toxic substances on Great Lakes
aquatic communities. The Task Force conducted a preliminary analysis of these
data and decided to obtain additional information from the scientific literature
on the health of Great Lakes aquatic communities. This activity is continuing.

2.

THE ATMOSPHERIC POLLUTION INDICATORS TASK FORCE

The Task Force investigated the feasibility of using atmospheric pollution
indicators to determine the sources and loadings of contaminants to the Great
Lakes. It was concluded that the use of variations in isotopic abundance of
sulphur and lead may be useful in distinguishing between their anthropogenic
(due to man's activities) and natural origins. However, the sole use of isotopic
compositions as a method for deducing the relative contribution of airborne
pollutants to the Great Lakes is not currently feasible.
Therefore, the Board recommends that:

(xi)

-

isotopic ratios of sulphur and lead should be used in
conjunction with the data obtained from environmental

measurement programs in order to assist in the provision of

a better understanding of the proportional contributions of
pollutants to the Great Lakes from different sources.

The Science Advisory Board is currentTy considering the desirabiTity of
expanding this activity by examining the feasibiTity of using other substances
as tracers for monitoring atmospheric poTTutants and hosting a workshop on
atmospheric deposition of contaminants on the Great Lakes.

3.

THE GROUNDWATER CONTAMINATION TASK FORCE

The Task Force investigated the significance of groundwater contamination
to Great Lakes water quaTity. It was concluded that there is no adequate
information on the extent of groundwater contamination in the Great Lakes
Basin. Existing estimates of groundwater flows into the Great Lakes are
unreTiabTe, and Timited efforts are being made to estimate infTows into
the Great Lakes fran areas of potentiaT concern where Targe numbers of known
or suspected hazardous waste sites are Tocated.
Therefore, the Board recommends that:
(a)

(b)

drawing upon the already existing groundwater data and
augmenting them where deficient, the jurisdictions should
provide detailed mapping and analysis of those areas of
potential concern in order to assess the extent of
groundwater contamination in the Great Lakes Basin;

waste disposal sites should be classified according to

hydrologic settings and proximity to streams, lakes, and
areas of aquifer infiltration. Sites should be grouped

according to tributary basins and to land use for the

purpose of develoPing a monitoring strategy;
(c)

(d)

4.

sampling methods and strategy should be developed for the

monitoring of groundwater quality in the Great Lakes Basin; and
groundwater research capabilities should be developed and
maintained in order to understand the transport mechanism of
toxic substances both to the aquifers and the lakes, and to
achieve recommendations (a) to (c).

THE POLYNUCLEAR AROMATIC HYDROCARBONS (PAHS) AND TOXAPHENE TASK FORCE

The Task Force investigated the potentiaT effects of PAHs and toxaphene on
the Great Lakes ecosystem.
PAHs

The Board supports the concTusions and recommendations of the Aquatic
Ecosystem Objectives Committee (AEOC) regarding PAHs (refer to the 1983 AEOC's
report for detaiT; a150 refer to the PAHs objective outTined on page xiv).

(xii)

Further, the Board recommends that:
-

the Commission encourage the Governments to find ways of
reducing anthropogenic sources of RAHs and to ensure that
the role of these compounds with respect to the health of

the living components of the Great Lakes ecosystem is fully
investigated.

Toxaphene
The Board is encouraged by the recent curtailments of toxaphene use and
the current research into the health effects from exposure to toxaphene.
However, sources, pathways and fate of residual toxaphene in the Great Lakes
are not clearly known. Further, current analytical procedures are incapable
of accurately identifying toxaphene or quantifying its levels in environmental
samples. This is because toxaphene is a complex mixture of chlorinated
camphene. In order to determine the levels of toxaphene in the environment
and assess their effects on the ecosystem, analytical measurements of this
compound must be improved.
Therefore, the Board recommends that:
-

the Commission urge the Parties to intensify their research

into the sources, pathways, and fate of residual toxaphene

in the Great Lakes Basin; and
-

all laboratories undertaking environmental measurements of
toxaphene collaborate, under the auspices of the

Governments, to develop a method Suitable to identify and
quantify this complex residue mixture. Further, once a
state-ofethe-art method has been described, it should be
the adopted procedure fer all laboratories making this

measurement in support of Great Lakes monitoring and

surveillance in order to meet the legislative requirements

that regulate this product in both nations.

5.

THE TISSUE AND SEDIMENT BANKS TASK FORCE

Sediment and biological tissue specimens are kept in special banks to
permit retroactive analysis for the establishment of trends of contamination
over time. The Board is encouraged that so many tissue and sediment specimens
are being banked, and that recent surveillance plans call for further banking
of samples. However, the Board remains uncertain on the feasibility of
establishing and maintaining a centralized international banking system for
Great Lakes samples.
Therefore, the Board recommends that:
-

the Parties study the feaSibility and desirabililty of
maintaining a centralized information repository of Great
Lakes tissue and sediment samples.

(xiii)

6.

THE GREAT LAKES MODELING TASK FORCE

In 1983, the Science Advisory Board established a Task Force to examine
computer models applicable to the Great Lakes and to determine their utility
in predicting the fate and effects of toxic chemicals and nutrients in the
Great Lakes. The Task Force will prepare an overview of these models in 1984.

7.

THE IN-PLACE POLLUTANTS TASK FORCE

This is a new activity established by the Science Advisory Board in
August, 1983. The main objectives of this activity will be to investigate the

problem of in-place pollutants in specific "Areas of Concern" in the Great

Lakes and develop the scientific bases for evaluating the alternative measures
that could be undertaken to resolve the in-place pollutants problem in these
areas.

THE AQUATIC ECOSYSTEM OBJECTIVES COMMITTEE
1.

WATER QUALITY OBJECTIVES

The Science Advisory Board endorses the recommendations of its Aquatic
Ecosystem Objectives Committee regarding the revised water quality objectives
for microbiological indicators and diazinon, as well as the new objective for

polynuclear aromatic hydrocarbons (PAHs).

Full recommendations for the above parameters are included in the 1983
AEOC's report. The following is only a summary of these recommendations:
(a)

Microbiological Indicators - for the protection of
recreational users of nearshore waters from increased

gastrozntestinal illnesses, the enterococcus geometric mean

level in water should not exceed 11/100 mL; similarly the
Escherichia coli geometric mean level in water should not
exceed 23/100 mL.
Mean levels should be monitored by

analyzing a minimum of five samples from one location
collected over a four-week period.

To protect recreational users of nearshore waters from ear

infections, no more than 25 percent of the samples should

have levels of Pseudanonas aeruginosa greater than 10/100 mL.

(b)

Diazinon - for the protection of aquatic life, the maximum

(c)

Polynuclear Aromatic Hydrocarbons (PAHs)
for the
protection of aquatic life, the levels of benzo(a)pyrene

waterborne concentration of diazinon shall not exceed
0.003 pg/L, except that it may range up to 0.1 pg/L once
every 30 or more days forperiods not to exceed two days.

(BaP) in the sediments or in organisms serving as a food

source for fish should not exceed 1.0 pg/g;

in water should be less than 0.01 pg/L.

(xiv)

levels of BaP

NOTE: Other 3-5 ring PAHs have been observed in the Great
Lakes ecosystem, some of which are carcinogenic and are strong
inducers of mixed function oxidase (physiological) enzymes;
they may be of equal or greater concern.

2.

THE INDICATORS 0F ECOSYSTEM QUALITY TASK FORCE

The Task Force investigated the feasibility of using lake trout as an
indicator of ecosystem health. The Task Force is also proposing an approach
for the application of biological indicators for the determination of
ecosystem quality in the Great Lakes Basin. The Task Force is currently
preparing its report.

THE COUNCIL OF GREAT LAKES RESEARCH MANAGERS
The establishment of a Council of Great Lakes Research Managers is in
progress. Its main objectives are to review Great Lakes water quality

, and
research, identify research needs, disseminate information on research

promote cooperation among research institutions.

THE SOCIAL AND ECONOMIC CONSIDERATIONS COMMITTEE
This Committee is examining two complementary approaches for selecting
Lakes
the social and economic considerations topics that are relevant to Great

water quality.

One approach relates to the "Areas of Concern" identified by

the Water Quality Board and how social and economic considerations are
of
incorporated in decisions regarding the development and implementation
h
approac
second
The
areas.
these
for
programs
remedial and rehabilitation
this
of
nts
compone
The
ues.
techniq
ion
evaluat
and
relates to issue mana ement
the
require
that
issues
l
potentia
of
cation
identifi
(a?
approach include:
incorporation of social and economic considerations; (b) diagnosing the
underlying causal factors; and (c) development of appropriate response
strategies. The Social and Economic Considerations Committee will continue
to address these issues and others during 1984.

THE JOINT HUMAN HEALTH EFFECTS CWITTEE
1.

EFFECTS OF HATER QUALITY ON HUMAN HEALTH

In its 1983 Annual Report to the Water Quality Board and the Science
Advisory Board, the Human Health Effects Committee identified and discussed
d
its concerns regarding drinking water quality. The Committee also reviewe
l
chemica
of
the role of toxicology in evaluating the human health hazard
those
contaminants found in the Great Lakes. Further, the Committee evaluated
by
lance
surveil
chemicals for which it had earlier recommended monitoring and
these
establishing levels of concern" based on a total daily intake of
substances. The recommendations of the Human Health Effects Committee are
included in the Committee's 1983 Annual Report.

(xv)

2.

THE HUMAN HEALTH RESEARCH ASSESSMENT TASK FORCE

Information was coiiected on research deaiing with the effects on human
heaith of exposure to contaminants in Great Lakes water and biota. This
information wiii be evaiuated by the Task Force in 1984.

OTHER
In addition to the above progress reports, the Science Advisory Board is
inciuding in this report a chapter on certain technoiogicai advances of
science and their potentiai impiications on Great Lakes water quaiity. The
materiai for this chapter was provided by two research scientists identified
in the report.

(xvi)

Preamble

In 1982 the Science Advisory Board conducted a review of Great Lakes
water quality research to determine trends in research objectives and
evaluate the adequacy of research efforts. The Board concluded that despite
the significant amount of effort and resources devoted to Great Lakes water
quality research, knowledge gaps remain for the following critical issues:
1)
2)
3)
4)
5)
6)

7)

8)

effects of persistent toxic substances on Great Lakes
aquatic communities;
feasibility of using atmospheric pollution indicators
to determine sources and loadings of contaminants to
the Great Lakes;
significance of groundwater contamination to Great
Lakes water quality;
effects of PAHs and toxaphene on the ecosystem;
the need for a centralized tissue and sediment bank to
determine trends, levels and distribution of
contaminants in the Great Lakes;
application and validation of Great Lakes computer
models to predict the fate and effects of contaminants
in the Great Lakes;
incorporation of social and economic considerations in
Great Lakes management decisions, and
effects of hazardous substances on human health.

In 1983 the Science Advisory Board established several work groups,
subsequently re-organized into committees and task forces (Table l), to
examine these issues in detail and determine the state of scientific knowledge
about each of them. The main objectives are to identify knowledge gaps and
recommend research needs.
The first chapter of this report includes progress reports from the
Board's committees and task forces describing their findings to this date and

outlining the steps they will undertake in the following yearls) to achieve
their objectives.

The first chapter also summarizes the findings and recommendations of the
Board's Aquatic Ecosystem Objectives Committee (AEOC) and the Joint Human
Health Effects Committee. The full reports of these two Committees are
published separately.

(xvii)

TABLE 1.

ORGANIZATION OF THE SCIENCE ADVISORY BOARD

INTERNATIONAL
JOINT COMMISSION

SCIENCE
ADVISORY BOARD

Ecological
Considerations
Committee

Aquatic Ecosystem
Objectives
Committee

l-Indicat;ors of
Ecosystem Quality

WATER
QUALITY BOARD

Council of
Great Lakes
Research

Managers*

Social and
Economic
Considerations

Committee

BOARDS

Joint Human
Health Effects
Committee

> Standing
Committees

L---Human Health
Research
Assessment

-Health of Aquatic Communities

Atm05pheric Pollution Indicators
-Groundwater Contamination

-PAHs and Toxaphene

> Task Forces

-Tissue and Sediment Banks

- Modeling

-In-Place Pollutants
*Currently being established.

)

The second chapter of this report addresses certain technological advances
of science and their potential implications on Great Lakes water quality. The
scientific material for this chapter was provided by Dr. Bruce Jank, Acting
Director of the Wastewater Technology Centre at the Canada Centre for Inland
Waters, and Dr. Ronald Sonstegard of the Department of Biology and Pathology
at McMaster University. The former provided information on the control of

toxic chemicals in wastewater by biological treatment and the conversion of
sewage sludge to liquid and solid fuels, while the latter provided information
on the technology of genetic engineering and its potential application in
fisheries sciences and pollution abatement.

(xix)

Chapter I Progress Reports on the Activities of the
Science Advisory Board

THE ECOLOGICAL CONSIDERATIONS COMMITTEE
1.

THE HEALTH OF AQUATIC COMMUNITIES TASK FORCE
Background

Annex l2 (4b) of the l978 Great Lakes Water Quality Agreement calls for

ent to
the establishment of monitoring and research programs at a level suffici
living
of
health
the
on
ces
identify the impact of persistent toxic substan
aquatic systems. Essentially, this calls for research and monitoring to:
-

detenmine the levels of contamination in the various
components of the aquatic system;
observe apparent changes or effects on the components
of the aquatic system; and
generate the necessary experimental data to
demonstrate a probable cause-effect relationship.

In 1983 the Science Advisory Board established a Task Force to investigate
the potential effects of persistent toxic substances on the health of the
Force
aquatic communities of the Great Lakes. The activities of the Task
included the following:

-

-

-

four meetings;

development of a questionnaire requesting information on
, and
research dealing with the health of aquatic communities
rch
resea
from
ved
recei
ation
preliminary analysis of the inform
organizations.

following stages:
The Task Force decided to accomplish its tasks through the
1)

2)

ts
To review the scientific literature and current research projec
completed
pertinent to this issue. This activity is expected to be
by the end of March, 1984.
Following the above review, the Task Force plans to develop and

tion
hold a workshop on the methods that could be used for the evalua
of
of the effects of persistent toxic substances on the health
This
ities.
commun
Lakes
Great
aquatic communities, especially
the
workshop will provide the forum for exchanging information on
be
may
ity
commun
a
of
h'
'healt
effects of such substances, how

defined, and the best methods for measuring 'health' and toxic to
nce effects. For example, the potential of a substance

substa
ia,
cause mutations may best be investigated by considering bacter
ogenic
carcin
g
igatin
invest
of
while fish may be the ideal organism

potential. Short-lived organisms such as plankton may be the best
components of the system to study the effects of a substance on
community structure and productivity. The workshop will involve the
synthesis of a variety of investigations, e.g. studies reporting
changes in aquatic community structure and the presence of high
concentrations of various toxic substances in the same region, and

experimental studies that may suggest cause-effect relationships.
Both the open lake and more severely affected localized nearshore
areas will be considered.
3)

Based on the information generated from the above activities, the
Task Force will assess the state of knowledge about the health of the
Great Lakes ecosystem, identify knowledge gaps, and the type of
research needed to provide the necessary information. The Task Force
is expected to complete its work in 1985.

Progress

The Task Force started in January 1983 by developing a questionnaire
requesting information from institutions that are known to be conducting
research in this field. The questionnaire was based on a matrix (Table 2),
which was developed by the Task Force, outlining the functional aspects of the
lining aquatic system that measure health and could be used as water quality
in icators.

The matrix includes the major groups of organisms that constitute a
community. It also contains examples of the structural indicators of health
and the functional aspects of organisms including physiological, genetic, and
behavioural responses. Some of the modifying factors that may alter the
characteristics of persistent toxic substances or influence the response of
the organism towards these substances are also listed in the matrix.

The questionnaire was sent to 209 agencies and individuals expecting to be
conducting research on this issue. To this date, 94 have responded to the
questionnaire, providing descriptions of a total of l65 research projects,
93 United States projects and 72 Canadian projects. Additional questionnaires
were segt out subsequently and replies to these questionnaires continue to be
receive .

Preliminary Findings
Careful examination of these project descriptions indicated that some
(approximately 26 percent) do not involve direct assessment of effects of
toxic substances on the responses of aquatic organisms. Rather, these studies
mainly involve the identification and measurement of contaminants in tissues.
Although these projects have been documented by the Task Force and will be
used at a later date, they will not be included in this first stage of the
research review.

TABLE 2. THE FUNCTIONAL ASPECTS OF
THE AQUATIC ECOSYSTEM THAT MEASURE HEALTH*

ORGANISHS IHPACTED

STRUCTURAL INDICATORS
OF HEALTH
COHMUN ITY
STRUCTURE

MODIFYING FACTORS

FUNCTIONAL RESPONSES

PHYSIOLOGICAL

GENETIC

BEHAVIOURAL

Bacteria

Integrity of

Photosynthesis

LethaI mutations

Migration

Temperature

Protozoans

the community

Respiration

Non Tethai

Avoidance, etc.

Light

Phytopiankton

(e.g. disappearance

Ingestion

Periphyton

of certain endemic

Metaboiism

Macrophyton

species, dominance

Excretion

Zooplankton

of tolerant

Reproduction and

Benthos

species, etc.)

Tife expectancy

Fishes

Biochemicai changes

Other Vertebrates

Acciimation

(birds, mammals,

Susceptibiiity to

etc.)

diseases

Tumors, etc.

*The information on this matrix is given onTy as exampTes.

mutations

Adaptations, etc.

pH

MuTtipTe impacts

inciuding synergism
and antagonism

Stocking and
harvest, etc.

A preliminary review of the results indicated that the taxa most

frequently investigated (Table 3) are fish (eSpecially adults), phytOplankton,
zooplankton, and benthos. These also are the taxa most commonly studied in
Great Lakes limnological investigations. Relatively little is known about the
aquatic ecology of bacteria, but there are 17 projects on the effects of

persistent toxic substances on these organisms.

A few studies involve the

effects of persistent toxic substances on protozoans and fungi. These
taxonomic groups are poorly studied in most limnological systems. Macrophytes,

amphibians, reptiles, birds, and mammals also are the subjects of few

investigations. As components of the shoreline community, these organisms occur
in a region which is not the focus of many Great Lakes limnological studies.
Relatively few projects deal with genetic or behavioral responses
(Table 3). The latter include the effects of toxic substances on the ability of

the organisms to escape predation (zooplankton), sediment reworking (benthos),

and migration (fish). Physiological investigations are more or less evenly
distributed through the various trophic levels and include studies measuring the
effects of toxic substances on nitrification and denitrification, macromolecular
synthesis, methylation and demethylation (bacteria), various other enzyme
systems, microsomes, and bioaccumulation.
Respondents investigating community responses dealt either with individual
taxa from a number of trophic levels or an assemblage of organisms of the same
group (e.g. plankton). In addition, several reSpondents (answers not included
in Table 3) indicated that the results of their studies on spatial and temporal

distribution of taxa would provide information on the effects of toxic
substances on community structure.

Such studies might have the potential for

this application if corollary studies were made to confirm the presence of a

certain level of contamination in the effected areas and if experimental data

supporting cause-effect relationships exist.

The most commonly studied responses are physiological (Table 3) and the most
common effects evaluated are toxicity, growth, mortality, reproduction, uptake,
and development (Table 4). Thus the focus is on factors that affect the
survival and fecundity of the species. At the community level, such effects may

be apparent in reduced numbers of sensitive species and in decreased diversity.

Studies on gill function, feeding, metabolism, and excretion may provide insight

into the physiological system that is impaired by the toxic substance.

Some

studies involve the physiological factors that may affect the toxicity-response,

including uptake of contaminants and depuration rates, and adaptation.

A wide variety of inorganic and organic contaminants is under investigaton
by the respondents. Metals (e.g. mercury, lead, copper, zinc, cadmium),
pesticides, and more specific compounds and classes of compounds such as
toxaphene, polychlorinated biphenyls, polyaromatic hydrocarbons, chlorinated

hydrocarbons, mirex, and hexachlorobenzene are of especial interest.

A number

of researchers are investigating the effects of contaminated-sediment extracts
on organisms either at the species or community level. There are no apparent
'favorite' toxic substances for investigation.

TABLE 3.

DISTRIBUTION OF RESEARCH
NUMBER OF PROJECTS

RESPONSE
TROPHIC LEVEL

COMMUNITY

PHYSIOLOGICAL

MACROPHYTES

PHYTOPLANKTON

11

19

ZOOPLANKTON

TO

I8

17

BENTHOS
FISH EGGS AND EMBRYOS
FISH LARVAE AND FRY

3O

28

:3
CH
l\

*Some projects involved the eva1uation of more than one resgonse or trophic 1eve1.
These were counted more than once thereby affecting the ac ua1 totals.

ooml

c:

130

<1-

46

CH

TOTAL*

3O

TO

C:

MAMMALS

24

11

c:

BIRDS

TOTAL*

46

oooool

AMPHIBIANS AND REPTILES

OOOOONO

PROTOZOANS, FUNGI AND YEAST

BEHAVIOURAL

COCONM

16

BACTERIA

ADULT FISH

GENETIC

187

TABLE 4.

PHYSIOLOGICAL RESPONSES

NUMBER OF PROJECTS
EFFECT
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Adult Fish

NNNI

Fish Larvae & Fry

MOONme

Fish Eggs & Embryos

mmmNNo:

Benthos

26

1

Macrophytes
Zooplankton

NOILVHndEG

,

Protozoans, Yeast, Fungi
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A number of researchers are investigating substances that are not
considered to have long-term toxic persistence in the environment,
e.g. lampricides, ammonia, salt, acid, and phenol, but these studies are not
included in Tables 3 and 4. However, the results of these studies will be
useful in determining the responses of organisms to toxic substances in
general and in furthering our understanding of their effects on aquatic
community health in areas where contamination remains high because of constant
input.
Approximately 25 percent of the respondents are investigating modifying
factors including temperature, light, oxygen, pH, water chemistry, absorption
and desorption kinetics, and synergistic and antagonistic responses.
Acclimation, sex, and age of the organism, and its current levels of body
burdens (concentrations of contaminants in tissue) also are modifying factors
under investigation.
Overall, the
that researchers
toxic substances
adequacy of this
continue.

2.

results of the questionnaire were encouraging, suggesting
are investigating a variety of possible effects of persistent
on the health and quality of aquatic communities. The
research will be evaluated as the activities of the Committee

THE ATMOSPHERIC POLLUTION INDICATORS TASK FORCE
Background

Article VI 1(1) of the l978 Great Lakes Water Quality Agreement calls
for programs to identify airborne pollutant sources and their relative source
contributions for those substances that may have significant adverse effects
on environmental quality. Further, Annex 12 of the Agreement stipulates that
monitoring and research programs in support of the Great Lakes International
Surveillance Plan be at a sufficient level to permit the identification of the
sources of persistent toxic substances (Section 4c); the establishment of an
early warning system to anticipate future toxic substances problems (Section
5); and the intensification of research to determine the pathways, fate, and
effects of toxic substances to protect human health, fishery resources, and
wildlife of the Great Lakes Basin ecosystem.
Recognizing the possible utility of conservative indicators, such as
stable isotope abundance variation ratios, in determining the relative
proportion of materials derived from differing atmOSpheric sources, the Great
Lakes Science Advisory Board in its 1982 Annual Report recommended that:
-

more research effort be directed toward the identification
of conservative indicators of atmospheric inputs.

- In 1983 the Science Advisory Board established the Task Force on
Atmospheric Pollution Indicators to determine the feasibility of this
technique and more specifically identify research needs. The activities of
the Task Force included the following:

-

-

four meetings;
forwarding a letter to a select group of geochemists requesting
their
opinions on the feasibility of using atmospheric pollution indica
tor
substances;
reviewing and summarizing the responses received from these
geochemists;
issuing a contract to a consultant to provide an overview on
the use
of stable isotopes as atmospheric pollution indicators; and
preparing a report on this issue including conclusions, a
recommendation, and possible future activities.

The initial activity of the Task Force was to request feedback
and
advice from a select group of geochemists on the feasibility
of utilizing
conservative substances as indicators of atmospheric pollution.
The
respondents generally noted that such indicators potentially
provide a tool
for deducing the relative contributions of atmospheric pollut
ion from
differing sources. However, a great degree of prior effort
is needed to
account for large temporal and spatial variations that exist
in pollutant
loadings to the Great Lakes and the multiple pollutant inputs
. Since
questions remained unresolved with respect to the feasibility
of the
technique, a contract was awarded to a specialized geochemist
to provide an
overview of the scientific literature addressing the conser
vative indicator
subject area. This overview was limited to a discussion of
the three
elemental isotopes most applicable to atmospheric investigatio
ns: sulphur,
oxygen, and lead. Nitrogen isotopes were not discussed,
although such
isotopes have been successfully used in determining the pollut
ion of water
from the addition of fertilizer and industrial waste materi
al to land. Other
elements were excluded because of small isotopic fractionatio
n.

A discussion of other indicator substances was also
excluded because
of a lack of specificity to atmospheric investigation.
For example,
nickel/vanadium ratios have been applied toward identifyin
g the source of
oil from oil spills, rather than in atmospheric studi
es. For a detailed
discussion of the overview prepared by the contractor,
refer to Appendix l
of the l983 Science Advisory Board Annual Report.
This Appendix will be
gvailable November, l983 from the Great Lakes Regional
Office in Windsor,
anada.
Findings

The Board finds that, in such simplified cases where
one or two sources
of atmospheric pollution predominated and only when
each was characterized by
isotopically distinct signatures, the stable sulphur
isotope technique has
proven to be a feasible method for identifying and asses
sing the relative
contributions of sulphur from these sources. Isoto
pe abundance variations
were also found to be useful in discerning between sulphu
r of anthropogenic

(due to man's activities

) and natural origins, and to partially assist in
accounting for seasonal variations in atmospheric deposi
tion loadings.

Similarly, lead isotope measurements have proven to
be useful in tracing
lead pathways. Consequently, such measurements could
be used to differentiate
between anthropogenic and natural inputs to identify
sources of atmospheric
pollution, and to construct historical records of such
inputs.
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Research on oxygen isotope measurements has demonstrated the feasibility
of using these isotopes for distinguishing between sulphate types. However,
it must be noted that the oxygen isotopic composition of secondary sulphate,
which is formed during low temperature oxidation of atmospheric sulphur
dioxide, is controlled by the oxygen isotopic composition of atmospheric
water, and not the original input source. Therefore, the use of oxygen
isotopic ratios for distinguishing between the sources of sulphur in the
atmOSphere is questionable.

The Board recognizes that the Great Lakes are subjected to airborne
contaminants from a multitude of sources. Unless all these sources have
unique isotopic signatUres, the feasibility of tracing and assessing the
relative contributions of airborne organic and inorganic materials, based
solely on isotopic abundance variations, would not be feasible. The range
of isotopic variation possibly encountered in the atmosphere would be small
relative to the wide array of potential atmospheric sources of pollution.
:urther, isotopic overlap has been found to exist between different fossil
uels.
conclusions & Recoumendations

The use of isotopic abundance variations of sulphur and lead may be
useful in discerning between their anthrOpogenic and natural origins.
However, the sole use of isotopic compositions as a method for deducing the
relative contribution of airborne pollutants to the Great Lakes is not
currently feasible.
Therefore, the Board recommends that:
-

isotopic ratios of sulphur and lead should be used in
conjunction with the data obtained fran environmental

measurement programs in order to assist in the provision of
a better understanding of the proportional contributions of
pollutants to the Great Lakes fran different sources.

_ The Science Advisory Board is currently considering the desirability of
expanding this activity by examining the feasibility of using other substances
as tracers for the monitoring of atmospheric pollutants and hosting a workshop
on atmOSpheric deposition of contaminants on the Great Lakes.

3.

THE GROUNDNATER CONTAMINATION TASK FORCE
Background

Although the 1978 Agreement does not specifically address groundwater
contamination and its potential impacts on Great Lakes water quality, it does
identify sources of pollution that can contaminate the Great Lakes via
groundwater route (e. . agricultural applications, waste disposal practices
and other land use activities). It also recommends that pollution abatement
programs be established to reduce contaminant loadings from such sources.

Reports of recent events document the movement of toxic organic and
inorganic compounds from waste disposal sites and leaky storage tanks through
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the soi1 and into groundwater. An impo
rtant event in the Great Lakes Basin is
the 1eaching of toxicants from the Love
Cana1 area (New York) into the Niagara
River. Further, in 1981 and 1982, the
Great Lakes Hater Qua1ity Board
identified other 1ocations where toxic subs
tances from hazardous waste
disposa1 sites may have adverse effects
on the Great Lakes ecosystem. These
areas inc1ude the Grand Ca1umet River/In
diana Harbor Cana1; the B1ack,
Cuyahoga and Ashtabu1a rivers in Ohio
, and the St. Lawrence River at Mait1and
,
Ontario and Massena, New York.

i
'
I

In reSponse to the pub1ic concern about
contamination of groundwaters and
surface waters through 1eaching of p011
utants from hazardous waste sites into
groundwater, the United States governme
nt in 1980 passed the Comprehensive
Environmenta1 Response, Compensation and
LiabiTity Act (CERCLA or Superfund)
to provide for the 1iabi1ity, compensation
and c1eanup of hazardous substances
re1eased to the environment from inactive
hazardous waste disposa1 sites. The
subsurface diSposa1 of hazardous 1iqu
id wastes is no 1onger an acceptab1e
procedure in Ontario, Canada.

During its 1982 research review, the
Great Lakes Science Advisory Board
found that there was minima1 research exam
ining Great Lakes contamination via
groundwater. The Board recommended in
its 1982 report that "groundwater
resources of the Great Lakes System be
studied to determine potentia1
contamin

ation routes via this source and to esta
b1ish mitigative measures."

In 1983 the Science Advisory Board esta
b1ished a Groundwater Contamination
Task Force to assess the significance
of contamination via groundwater on
Great Lakes water qua1ity. The activiti
es of the Task Force inc1uded the
fo11owing:

-

-

four meetings;
inquiring about the avai1abi1ity of info
rmation on groundwter
contamination in the Great Lakes Basin;
issuing two contracts, one to a Canadian cons
u1tant and the other to
a United States consu1tant to assist in deter
ming the significance of
the groundwater contamination prob1em
in the Great Lakes Basin;
obtaining assistance from a consu1tant at the
northeastern Regiona1
Office of the United States Geo1ogica1 Surv
ey to compi1e information
pertinent to the groundwater contamination prob1
em in the United
States section of the Great Lakes Basi
n; and
preparing a report on this issue, inc1udin
g conc1usions and
recommendations.

The reports of the three consu1tants are
inc1uded in Appendix 2 of the
_
1983 Science Advisory Board Annua1 Report
which wi11 be avai1ab1e on November,
1983 fran the Great Lakes Regiona1 Office
in Windsor, Canada.

Findings

Groundwater is a "hidden resource."

.
Unfo

sight," it is often "out of mind" and genera11rtunate1y because it is "out of
y not inc1uded in environmenta1

assessment research programs. Severa1 majo
r municipa1ities in the Great Lakes
Basin depend primari1y on groundwaters for
municipa1, industria1, and
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agriculture water supplies despite the accessibility to Great Lakes surface
waters. Among them are: Milwaukee, Wisconsin; Rochester, New York; and
Saginaw, Michigan. Groundwater is an essential resource to at least 3
million
people in the Great Lakes Basin.

The Board's concern is the potential for contaminated waters moving via
the groundwater route to enter and contaminate the Great Lakes. To address
this concern, it is important to know: (1) the configurations, yields,
and
transport properties of the groundwaters of the Great Lakes regions which
may
act as conduits or receptors for contaminants going to and from the Great
Lakes; and (2) the locations, capacities, and chemical contents of sources
which may leach contaminants into the groundwaters going to the lakes.
General information exists on the geographic locations, capacity and yield
of groundwater areas in the Great Lakes Basin. In 1963 the United States
Geological Survey reviewed the groundwater characteristics of the United
States on a state by state basis. In 1975 the Great Lakes Basin Commission
compiled much of the information on the geology and groundwater resourc
es of
the Great Lakes Basin. Similarly, the Ontario Ministry of the Environ
ment has
documented groundwater resources in most of the Canadian side of the Great
Lakes Basin and identified many areas that are susceptible to groundwater
contamination. Despite these efforts, there are major gaps in the
knowledge
concerning the extent of groundwater contamination in the Great Lakes Basin:
a)

Susceptibility maps currently available only indicate the potential
for groundwater contamination and do not include information on the
extent of actual contamination in the Great Lakes Basin.

b)

Investigations of groundwater quality in the Great Lakes Basin have
general y been undertaken within the context of the local environment
and local water supplies. The direct application of the results
of
these studies to the potential effects on Great Lakes water quality
has seldom been considered.

c)

The physiochemical properties of chemical substances that affect
their transport, attenuation and fate during their movement through
various layers of soil are poorly understood.

More is known about the potential sources of groundwater contamination

' because of efforts in both the United States and Canada to
document land use

activities and enumerate buriedlandfills, dump sites, and repositories for
wastes (solid and liquid). These efforts have produced the followi
ng
information:

1)

United States: The U.S. Environmental Protection Agency had
identified l,930 hazardous waste sites within the U.S. portion of the
Great Lakes watershed.
(a) 74 sites were given priority for immediate cleanup with
Superfund monies. These sites are not uniformly distributed

within the watershed (Figure l), but tend to be concentrated in

the more densely populated portions of the Great Lakes Basin
where agricultural and industrial activities are intense.
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Figure 1. Distribution of Waste Disposal Sites
In the Great Lakes Basin by County

Legend (number of sites)

7% 1-5
a 6-20
m 21-55

m 56-100

- over 100
US

Hazardous CERCLA Sites

Canada- Known Sohd,Luqurd and
Hazardous Sites(as of Jan.31.1974)

NOTE:

Counties are desgnated by

numbers. For numbers of sites
per county refer to Appendix 2
avaiiabie from the Great Lakes
Regional Office, Windsor, Canada

The largest clusters of sites are in the Niagara River area of
New York; in the Cleveland, Akron, and Ashtabula areas of Ohio;
and in Cook County area of Illinois.

(b) Besides the Niagara River problems in New York, the EPA

acknowledges two areas where pollutants entered the Great Lakes
from existing sites: near Chicago, and near Ashtabula, Ohio.

2)

Canada: The total number of hazardous waste sites in the Great
Lakes portion of Ontario were not available to the Task Force during
the preparation of this report. The Ministry of Environment is
currently updating its inventory of licensed waste disposal sites in
the Province of Ontario. This information will be availabale by the
end of 1983. However, based on a report prepared by the Pollution

from Land Use Activities Reference Group (PLUARG) in 1977, the

number of licensed waste disposal sites in the Canadian side of the
Great Lakes Basin was l,056 as of January 31, 1974.

The

distribution of these sites is included in Figure 1. Only l3 of
these sites were reported to include hazardous waste.
With the abundance of waste disposal sites in the Great Lakes watershed,
and the wide range of hydrogeological settings in this area, the frequency of
breakout of pollutants into the Great Lakes will likely increase in the
future. Mercury, lead, and PCB concentrations in lake sediments show patterns
of distribution that correlate with the intensive industrial activities and
concentrations of urban centers in the Basin. Detectable amounts of
contaminants are also found in tributaries in areas where clusters of waste
disposal sites are located.
There is limited information on the contributions of groundwaters to the
Great Lakes. The International Field Year for the Great Lakes (IFYGL) in
1972 was the first joint cooperative effort between Canada and United States
to develop an understanding of the hydrological cycle of Lake Ontario. Some
groundwater measurements were made, but most of the estimates of groundwater

contributions were based on "material balance methods."

From this limited

work, direct groundwater inflow to Lake Ontario, excluding exchange through
lake bottom or the contributions of groundwater to river and tributary base

flows, was estimated to be less than one percent of the average outflow.
sf aies showed that these groundwater flows contributed little to total
nitrogen, phosphorus and chloride loads.

The

0n the other hand, groundwater contributions through upwelling to river
and tributary base flow may be of major importance. For Lake Ontario,
estimates range from 20-78 percent of river and tributary base flow as being
of groundwater origin. Since most inputs to Lake Ontario of both flows and
loadings of nitrogen, phosphorus, and chloride are not only from the Niagara
River but also from tributaries, this aspect of groundwater becomes important.
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In l972, at the direction of the Parties, the International Joint
Commission appointed an International Reference Group on Great Lakes Pollution

from Land Use Activities (PLUARG) to study and assess the importance of

nonpoint sources of pollution, including surface runoff from all land uses,
and groundwater inflows for the entire Great Lakes Basin. PLUARG concluded
that the chemical quality of groundwater in the Basin was generally good and
representative of near natural conditions, except for local areas where
contamination, notably chloride and nitrate, were observed. PLUARG recognized
that population increases and economic growth would generate increased
quantities of wastes requiring treatment and disposal. Disposal sites and
waste treatment facilities were potential sources of pollutants such as toxic
inorganic and organic chemicals, excess nutrients, suspended solids, and
pathogens which would impact Great Lakes water quality.
Institutional mechanisms to control hazardous and toxic waste disposal are
in place in Canada and the United States, but pollution threats from past
practices and illegal dumping will linger for years. Remedial programs in the
United States exist to rehabilitate Superfund sites, but many sites not on the
present Superfund list may be current or future sources of Great Lakes
contamination. In Canada, the Ontario Ministry of Environment released in
June l983 an extensive set of proposals for the improved handling of the 7.2
million tonnes of household garbage and the 270 million litres of industrial
waste produced in Ontario. The Ministry currently is soliciting comments and
suggestions from industry, municipalities, and the public regarding these
proposals.

Groundwaters are difficult and expensive to study and monitor. Most
environmental research on groundwater is more an art than science because of a
lack of established samplin protocols and plans, unusual sampling methods,
the need to use very specia ized and customized equipment, and inadequate
statistical models of groundwater chemical and microbiological parameters.
Yet the need to monitor groundwaters near hazardous waste sites creates an
urgency to bring groundwater study methods out of the research realm and into
surveillance activities.
Conclusions and Recommendations

Many controlled and uncontrolled waste disposal sites are located within
the Great Lakes Basin.
These sites may contain solid and liquid
wastes contaminated with hazardous and toxic substances. While the fate
of
these toxic substances is often uncertain, there are known cases where these
toxic chemicals have contaminated groundwater that in turn has reached the
Great Lakes environment. Areas prone to groundwater contamination from high
concentrations of waste diSposal sites and/or intensive land use activit
ies
are considered to be of potential concern.
The Science Advisory Board recognizes that inadequacies may exist in the
knowledge about the extent, capacity and yields of Great Lakes groundwater
supplies. This may require further investigations. However, all of the
available information points to major deficiences in the knowledge of the
nature and extent of groundwater contamination in the Basin. Existin
g
estimates of groundwater flows into the Great Lakes are unreliable and
efforts
to estimate groundwater inflows from areas with high concentrations of
known
or suspected hazardous waste sites are very limited.
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Therefore the Science Advisory Board recommends that:
(a)

drawing upon the already existing groundwater data and
augmenting them where deficient, the jurisdictions should

provide detailed mapping and analysis of those areas of
potential concern in order to assess the extent of
groundwater contamination in the Great Lakes Basin;
(b)

waste disposal sites should be classified according to

hydrologic settings and proximity to streams, lakes, and
areas of aquifér infiltration.
Sites should be grouped
according to tributary basins and to land use for the

purpose of developing a monitoring strategy;
(c)

(d)

4.

sampling methods and strategy should be developed for the
monitoring of groundwater quality in the Great Lakes Basin;

and

groundwater research capabilities should be developed and
maintained in order to understand the transport mechanism of
toxic substances both to the aquifers and the lakes, and to
achieve recommendations (a) to (c).

THE POLYNUCLEAR AROMATIC HYDROCARBONS (PAHS) AND TOXAPHENE TASK FORCE

In 1983 the Science Advisory Board estabiished a Task Force to investigate
the potentiai effects of PAHs and toxaphene on the Great Lakes ecosystem. The
activities of the Task Force inciuded the foiTowing:

-

three meetings;
review of sc1entific literature on PAHs and toxaphene; and
utiTization of the information generated by the Aquatic Ecosystem
Objectives Committee (AEOC) on PAHs in the preparation of this report.

Background on PAHs

Poiynuciear aromatic hydrocarbons (PAHs) are formed during incompTete
combustion of most organic matter. Since they occur in nature through forest
fires, etc., onTy some percentage of them wou1d be considered anthropogenic.
It has been estimated that in Ontario onTy about 50 percent of PAHs in the

atmosphere are derived from man's activities.

There is concern for PAHs in our environment because of their harmfui
biologicai activity and ubiquitousness. Many PAHs are considered

carcino enic: benz(a)anthracene, dibenz(a,h)anthracene, benzo(b)f1uoranthene,
benzo(j fiuoranthene, benzo(a)nyrene, benzo(e)pyrene and chrysene. Some
others are thought not to be carcinogenic:
fiuorene, pyrene, and peryiene.

anthracene, phenanthrene,

Many symposia and workshops have been her on the sources, effects,
and fate of PAHs. One of the most recent was her at Batteiie's Columbus
Laboratories, the seventh of a series her there. The Seventh Internationa]
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Symposium was sponsored by the U.S. Environmental Protection Agency, Electric
Power Research Institute, the International Joint Commission on behalf of the
AEOC, and Battelle. Experts from several countries attended the symposium.
Six sessions, about evenly divided within the chemistry and biology fields,
were held, as were two poster sessions. Following the symposium, a Special
session was held by the AEOC to review the proposed PAHs objective.
Based on the results of the symposium and the special session, the AEOC
prepared a position paper and developed an objective for PAHs using the new
information developed from the symposium and research reviews (see the AEOC's
1983 report which is published separately).
Findings

The Board notes from the AEOC's report that the exposure of organisms
in the Great Lakes to PAHs is extensive and pervasive. The PAHs most commonly
found in sediments and water are the types formed through combustion.
Accumulation of PAHs can occur in organisms below fish in the food chain. The
enzymes of higher organisms, however, readily metabolize the material.
Unfortunately, the significance of these metabolities and the harm they might
cause is only poorly known and therefore constitutes a concern. Therefore, it
may be wise to limit the consumption of fish caught in areas known to be
highly contaminated with PAHs.
With ever improving analytical capabilities, more molecular forms of PAHs
are found than those considered in present and pr0posed standards. For this
reason, water should be monitored where higher sediment residues of PAHs are
found. Additional monitoring efforts are recommended for benthic organisms
since they bioaccumulate PAHs, and in river systems because particles
containing absorbed PAHs remain in suspension. Moreover, the AEOC recommends
that studies be made on the effects of PAHs on benthic organisms and on fish
residing in areas where sediment residues are high.
The AEOC recommended that, for the protection of aquatic life, the levels
of benzo(a)pyrene in the sediments or in organisms serving as a food source
for fish should not exceed 1.0 ug/g, and that levels of benzo(a)pyrene in
water should be less than 0.01 ug/L. Other 3-5 ring PAHs have been observed
in the Great Lakes ecosystem, some of which are carcinogenic and are strong
inducers of mixed function oxidase (physiological) enzymes. These may be of
equal or greater concern.
Conclusions and Recommendations

The Board supports the conclusions and recommendations of the Aquatic

Ecosystem ObJectives Committee (AEOC) regarding PAHs (refer to the 1983 AEOC's
report for detail).
-

Further, the Board recommends that:

the Commission encourage the Governnents to find ways of
reducing anthropogenic sources of PAHs and to ensure that

the role of these canpounds with respect to the health of

the living components of the Great Lakes ecosystem is fully
i nvesti gated .
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Background on Toxaphene

Toxaphene was first introduced as a pesticide in 1947. Its use increased
greatly after the banning of DDT in 1969. Originally toxaphene was used as an
insecticide for control of cotton and soybean crop-damaging pests, and as a
piscicide in fish management programs.
The use of toxaphene to remove unwanted fish created more than several
restocking disasters. Toxaphene deposited in lake sediments became reavailable as a toxicant through resuspension. Some lakes could not be
successfully restocked for up to five years. It was not long after such
restocking failures that toxaphene was replaced with the more expensive
piscicide, rotenone.
The use of toxaphene grew through the years, reaching a yearly average of
27 million lbs. in the middle 1970's. Use patterns in the early years were
confined to the cotton belt of the south and the San Joaquin Valley of
California.
With the development of the more effective and cost competitive synthetic
pyrethrins, toxaphene use on cotton pests dropped to about one million lbs. in
1978. However, use patterns for toxaphene also changed, shifting from the
cotton belt to the north-central and mid-western states. Since about 1978
toxaphene has been used on alfalfa, corn, peanuts, rice, sorghum, silage,
soybeans, wheat, and sunflowers, as well as on cotton. Recently, it has been
used as a herbicide. These new uses combined with cotton use resulted in
about 16 million lbs. being applied in 1978.
Findings

Concerns about environmental and health effects of toxaphene increased
greatly in the late 1970's. It was known to be highly persistent,
bioaccumulative, and quite toxic to fish. Further, toxaphene was
contaminating Great Lakes fish to as high as 25 ppm in lake trout fillets. As
concluded by the Water Quality Board in its 1982 report to the Commission, the
finding of toxaphene residues in fish collected from a large lake in the
center of Isle Royal in Lake Superior indicates that the Great Lakes are being
contaminated through aerial transport. Other explanations for the presence 0
toxaphene in Great Lakes fish have been offered, but the Board believes aerial
transport to be the most plausible.
Recent information indicates that toxaphene has caused cancer in mouse
liver and therefore is a suspect in producing cancer in humans. This finding
tipped the scales in favor of banning toxaphene use. In late 1982 the United
States Environmental Protection Agency withdrew the registered uses of
toxaphene, with few exceptions. Canada greatly restricted the use of
toxaphene in 1980.
Conclusions and Recommendations

The Board is encouraged by the recent curtailments of toxaphene use and
the current research into the health effects from exposure to toxaphene.
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However, knowledge gaps remain regarding the sources, pathways, and fate of
residual toxaphene in the environment.

Further, the Board notes from a recent

interlaboratory study conducted by the Data Quality Work Group of the Water
Quality Board that many laboratories conducting pesticide residue analyses are
currently incapable of identifying toxaphene and quantifying its levels. This
is due to the fact that toxaphene is a complex mixture of chlorinated
camphene. If the environmental effects of toxaphene are to be understood and
its levels in the environment are to be known, analytical measurements must be
improved.
Therefore, the Board recommends that:
-

-

the Commission urge the Parties to intensify their research

into the sources, pathways, and fate of residual toxaphene
in the Great Lakes Basin; and

all laboratories undertaking environmental measurements of
toxaphene collaborate, under the auspices of the

Governments, to develop a method suitable to identify and

quantify this complex residue mixture.
Further,once a
state-of the-art method has been described, it should be
the adopted procedure for all laboratories making this
measurement in support of Great Lakes monitoring and
surveillance in order to meet the legislative requirements

that regulate this product in both nations.

5.

THE TISSUE AND SEDIMENT BANKS TASK FORCE
Background

The Board notes that the 1978 Great Lakes Water Quality Agreement has
recognized the value of tissue and sediment banks. Under Annex l2, Early

Warning System, paragraph 5(e), the Agreement calls for "maintenance of a

biological tissue bank and sediment bank to permit retroactive analysis to

establish trends over time."

The value in retrospective analyses has been clearly demonstrated through
the history of tracing chlorinated dioxin and mirex contaminations to specific
Great Lakes geographic locations, as well as the example of DDT and egg shell
thinning. Further, a laboratory can use such samples within its intralaboratory quality control program. Through periodically re-analyzing
portions of a uniform sample, control chart and limits in variance can be set
and assessed. In addition, portions of uniform samples can be used for
interlaboratory studies to determine data comparability among laboratories.
If tissue and sediment banks are to be used for the above three stated
purposes, each sample must be homogeneous, capable of being sub-sampled, and
stored in such a way to maintain sample integrity over time. Further, if
tissue banks are used to assess trends, as called for in the Agreement, they
must also be sufficiently representative of the geographic area being studied.
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In 1983 the Science Advisory Board established a Task Force to examine the
need for a centralized tissue and sediment bank for Great Lakes samples. The
activities of the Task Force included the following:
-

-

-

three meetings;
review of the information compiled by the Great Lakes Regional Office
on tissue and sediment banks;
contacts with managers of tissue and sediment banking facilities
within and outside of the Great Lakes Basin; and
preparation of this report.

Findings
The Great Lakes Regional Office compiled information on tissue bank
samples on behalf of the Data Quality Work Group of the Water Quality Programs
Committee. The compilation is cross indexed, identifying the geographic
locations where samples were collected, the type of samples, the date(s) of
collection, where and how the collection is stored, whom to contact about the
collection, and whether the collection is resampled. There are 48
organizations listed; 14 different classes of samples, from fish and birds to
zooplankton and phytoplankton; and a very large variety of storage procedures
described. The compilation currently does not include human or bovine
listings, but these are now being sought.

Fran a review of this compilation, it appears there is no single bank that
is comprehensive for most of the Great Lakes biota and sediments. However,
there are several banks that are used for one or more of the three stated
purposes: retrospective analyses for trends, intralaboratory quality control,
and interlaboratory studies.
Conclusions and Recommendations

The Board is encouraged that so many specimens are being banked, and that
recent surveillance plans call for further banking of samples. However, the
Board remains uncertain on the feasibility of establishing and maintaining a
centralized international banking system for Great Lakes samples.
Therefore, the Board recommends that:
-

6.

the Parties study the feasibility and desirabililty of

maintaining a centralized infomation repository of Great
Lakes tissue and sediment samples.

THE GREAT LAKES MODELING TASK FORCE

Considerable effort has been devoted to developing predictive simulation
models for nutrients and toxicants in the Great Lakes. These mathematical
models provide scientists with tools that assist in obtaining a better
understanding of the physical, chemical, and biological processes occurring in
the Great Lakes. They can also be used to estimate responses in the Great
Lakes ecosystem to changes in pollutant loadings and other stresses on the
system. Modeling provides a framework for organizing surveillance activities
and often identifies information gaps.
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The research and data collection necessary to develop, calibrate, and

verify the various models are being carried out by many governmental agencies
and universities. There is a need for better communication among those
working on the development of various models and related research and the
users of these models.
In March 1982 the Commission requested that the Board provide an overview
of existing models that have been used to assess conditions and trends in the
Great Lakes Basin ecosystem. In its 1982 report, the Board identified in its
research review that computer modeling validation was an area that had been
inadequately addressed. Accordingly, the Board recommended that a task force
be established to evaluate efforts for selecting and validating models
applicable to the Great Lakes. The activities of the Task Force during 1983
included the following:
-

two meetings;
preparation of the terms of reference of the Task Force; and
preparation of a draft outline for the overview report.

The Modeling Task Force will provide a means for the exchange of information,
data, and solutions to problems relating to modeling of the Great Lakes. The
Task Force will also provide advice on requirements, the state of the art of
modeling, the confidence that can be placed in the models in their present state
of development, and data needs for improvement of these models. Specifically,
the Modeling Task Force will provide an overview of Great Lakes models and
evaluate their usefulness. Quantitative measures for the verification of models
that deal with eutrophication and toxic substances will be recommended. Further,
the Task Force will identify Great Lakes modeling research needs, giving initial
priority to needs related to validation and usefulness of models.
With the approval of the Science Advisory Board, the Task Force will
organize a symposium or workshop on Great Lakes modeling research and
application. This workshop will address the above research areas and may
include new areasuncovered by the Task Force.

7.

THE IN-PLACE POLLUTANTS TASK FORCE

This is a new activity established by the Science Advisory Board in
August, 1983. The main objectives of this activity will be to investigate the

problem of in place pollutants in specific "Areas of Concern

in the Great

Lakes and develop the scientific bases for evaluating the alternative measures
that could be undertaken to resolve the in-place pollutants problem in these

areas.

THE AQUATIC ECOSYSTEM OBJECTIVES COMMITTEE
1.

WATER QUALITY OBJECTIVES
The Aquatic Ecosystem Objectives Committee (AEOC), succeeded the Committee

on Scientific Basis for Water Quality Criteria. It is charged with describing
safe environmental limits of substances in the Great Lakes and with
identifying appropriate indicators of ecosystem health. In partial
fulfillment of these obligations, the AEOC has been involved in a number of
activities during the past year.
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The AEOC supported a special session on aquatic effects at the 7th Symposium
on Polynuclear Aromatic Hydrocarbons held at the Battelle Laboratories in
Columbus, Ohio during October 26-28, l982. The proposed PAHs objective outlined
below has gone through a peer review process set up during this symposium.
The AEOC has reviewed the scientific literature for several substances,
and provided formal recommendations to the Science Advisory Board. The Board
supports these recommendations. They are as follows:
(1)

Revised Objectives

Microbiology
Microbiological Indicators

Recommendation
For the protection of human recreational users of nearshore waters from
increased gastrointestinal (GI) illnesses,* the enterococcus (mE) geometric
mean level should not exceed ll/lOO mL; similarly the Escherichia coli (mTEC)
geometric mean level should not exceed 23/lOO mL. Mean levels should be
monitored by analyzing a minimum of five samples from one location collected
over a four-week period.
NOTE:

The values specified above are the lowest statistically significant,
detectable indicator levels associated with the onset of GI

swimming-associated illnesses; as well, the "no-effect" levels

cannot be measured. It is recommended that regulatory agencies, in
achieving these objectives, should develop standards that may be
based on GI illness rates per 100,000 persons (y) using the following

relationships with levels of the organisms (x1).

For enterococcus per 100 mL (x1) the regression equation is:
y = -Zl3.2 + 613.8 log x1

For E, 5911 per lOO mL (x2) the regression equation is:
y =

150.5 + 423.5 log x2

Pseudomonas aeruginosa
To protect human recreational users of nearshore waters from ear
infections, no more than 25 percent of the analyses should have levels of

Pseudomonas aeruginosa (mPA method) greater than l0 3, aeruginosa per lOO mL.
NOTE:

Under these conditions, the mean or median level of g, aeruginosa

will usually be < l per 100 mL.

*Illness is considered synonymous with symptoms such as fever, vomiting,
diarrhea and stomach cramps, and is not meant to suggest the cla551cal y
reportable symptoms such as those expressed in typhoid fever, etc.
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0f the many species considered, the lake trout came closest to satisfying all
of the criteria. The Task Force thereby proceeded to develop the concept of
indicator-integrator organisms utilizing the lake trout, Salvelinus
namaycush,
as an exemplary organism for oligotrophic systems. The amphipod Pontoporeia
hoyi was proposed as a suitable organism to complement the lake trout in
oligotrophic systems, while the walleye, Stizostedion vitreum vitreum, was
deemed a most appropriate organism for mesotrophic systems; the Fbrster's tern
was used as an indicator for wetlands surrounding the Great Lakes.
An ecosystem objective for oligotrophic systems based only on the lake
trout was described as the attainment and maintenance of an environment of
sufficient scope and quality to ensure the perpetuation of a moderately stable
cold-water community of organisms. Within this stable community, naturally
reproducing, genetically diverse stocks of lake trout will be the terminal
predators and thereby the primary controlling component. Implicit within the
objective is the understanding that optimal harvests of lake trout and other
cold-water community components may be taken by various user groups without
unduly disrupting the steady-state, and that the harvest intended for human
consumption shall be safe and palatable.
The remainder of the Task Force document outlines accounts of historic
conditions of environment and biota thereby providing a measure by which to
judge current conditions using indicator species. The principal impacts on
lake trout are described under four general headings including: exploitation,
sea lamprey, contaminants and other culturally induced effects such as
accelerated eutrophication, acid loading, habitat alterations, and
introductions of exotic species.
A practical example to the use of the indicator species approach is
provided by a dichotomous key of stress symptoms that will allow the ecosystem
manager to identify the likely source of a stress using symptoms elicited by
lake trout following one or more cultural interventions. While this key as
currently constituted, does not represent exhaustive treatment of all stress
possibilities, the accumulation of appropriate data over time will ensure more
complete coverage.
The dichotomous key at present, however, will be useful in assisting the
ecosystem manager to consider all likely sources of ecosystem impacts as
determined through careful consideration of the status of lake trout stocks.
' A computerized version of the dichotomous key provides both a sequential and a
systematized approach to the problem of identifying the general level of
ecosystem "health."
Future initiatives of the Task Force should address: rates of response to
degradation or rehabilitation; the use of other indicators for the assessment
of different environments; a closer examination of other biological indicator
approaches; the indicator approach as it relates to rehabilitation success.
To achieve the above objectives, the AEOC recommended that the Science
Advisory Board accept the offer of the Great Lakes Fishery Commission (GLFC)
to fund jointly the Task Force on Indicators of Environmental Quality
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and to publish jointly with GLFC their report entitled "A Proposed Approach
for the Application of Biological Indicators to the Determination of Ecosystem
Quality in the Great Lakes Basin." The Board is currently considering this
recommendation.

THE COUNCIL OF GREAT LAKES RESEARCH MANAGERS
The formation of a Council of Great Lakes Research Managers was proposed
by the Science Advisory Board as a mechanism to assist the Board in meeting
its obligations under the provisions of the l978 Great Lakes Water Quality
Agreement. Article V Section 2 of the Agreement stipulates that the Parties
(Governments of Canada and the United States) shall use their best efforts to
ensure that:

a)

b)

"The principal research funding agencies in both countries orient the
research programs of their organizations in response to research
priorities identified by the Science Advisory Board and recommended
by the Commission; and
Mechanisms be developed for appropriate cost-effective international
cooperation."

The main objectives of the Council are to review Great Lakes water quality
research, identify research needs, disseminate information on research, and
promote cooperation among research institutions. The formation of the Council
is in progress.

THE SOCIAL AND ECONOMIC CONSIDERATIONS COMMITTEE
In l982 the Board reported that insufficient attention was being given to
social and economic questions in the research programs of institutions dealing
Wlth Great Lakes ecosystem quality. In early 1983 the Board appointed a small
Working Group (subsequently re-organized into a committee) on Social and
Economic Considerations to advise the Board on ways of addressing the social
science aspects of its work.

The Committee noted that social and economic considerations are inherently
a component of almost all policy and program implementation measures adopted
for carrying out the Great Lakes Water Quality Agreement. The range of social
science knowledge that is of potential importance to the Board's mandate is
quite extensive. The approaches the Board could take for reviewing and
assessing selected topics in the social sciences are similar to those used to
conduct reviews in the biophysical and applied sciences. The first task, in
the view of the committee, was for the Board to adopt an orderly approach for
identifying issues and topics that warrant some review and assessment of
the
relevant social science literature. Selection of issues should also recognize

the needs and interests of management agencies and others involved with Great
Lakes programs.

The Committee proposed two complementary approaches for selecting issues
and topics that the Board may wish to pursue. One would examine some
innovative projects or programs that are good examples of what has to be done
more extensively in the Basin if the "Areas of Concern" identified by the
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Water Quality Board are to be addressed effectively. Consultations with
appropriate persons would inform the Board of some critical social, economic
and other related questions that were encountered during the planning and
implementation phase of these projects and programs. This in turn could
suggest areas for management oriented research reviews of the relevant social

science literature that could prove useful in dealing with some of these
critical questions.

The second approach is to examine methods used by both private and public

sector organizations for

issues management."

This phrase generally refers to

processes and procedures followed by organizations to: (a) identify emerging
issues of critical importance to them in different social and economic

sectors, (b) diagnose the underlying causal factors, and (c) develop some

appropriate response strategies. Some of these methods could be adapted for
application to issues associated with the Great Lakes Water Quality Agreement,

and the results of the "diagnosis" could also help the Board identify primary
topics for social science research reviews.

The Committee chose Green Bay as one good example of an innovative program
in which cooperation among a number of agencies and resource user groups is
being mobilized to address ecosystem quality issues. The Committee met with
key individuals fran the Future of the Bay Project to discuss their methods
and be informed of their plans and problems. Based on the results of this
meeting, the Committee will prepare a proposal for a work and research plan to
develop a community process model of ecosystem rehabilitation that might be

transferable to other "Areas of Concern."

The Committee has also received a briefing on an approach to

issues

management" that one of the members of the Committee found to be helpful and

explored how this might be adapted to issues associated with non-point source
pollution in the Great Lakes Basin. Some related writings on issues
management, economic and other program evaluation methodologies are also being
drawn together for review.
The activities of the Social and Economic Considerations Committee during
1983 included the following:
-

-

five meetings;
,
development of terms of reference for the Committee;
individual Committee members established contacts with experts in the
field and prepared short reports on evaluation techniques for
environmental planning and decision-making, multi objective planning
and social impact assessment;
testing an issue management framework on the topic of nonpoint source
pollution;
meeting with representatives of the Future of the Bay project in
Green Bay; and
outlining proposals for 1984 activities including a contract project
for Green Bay follow-up.
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THE JOINT HUMAN HEALTH EFFECTS COMITTEE
1.

EFFECTS OF HATER QUALITY ON HUMAN HEALTH

In its 1983 Annual Report to the Water Quality Board and the Science
Advisory Board, the Human Health Effects Committee identified and discussed
its concerns regarding drinking water quality. Advice was given on the design
and application of epidemiologic studies in determining the cause and effect
relationship on human health with respect to drinking water.
The Committee also reviewed the role of toxicology in the human health
hazard evaluation of chemical contaminants found in the Great Lakes. Further,
the Committee discussed the release of environmental health hazard information
to the public and the provision of a proper perspective with which to review
the results of these toxicological studies.
The Committee also evaluated those Great Lakes chemicals for which it had
earlier recommended monitoring and surveillance by establishing "levels of
concern" based on a total daily intake of these substances.
Additional topics under discussion by the Committee include: monitoring
activities and estimates of human population exposure to contaminants found in
the Great Lakes; toxicity profiles for new y-identified contaminants; a review
of the state of the art of structure-activity relationship and of the toxicity
of complex mixtures, and the preparation of a position paper on the public
perception of the dioxin issueand related matters.

2.

THE HUMAN HEALTH RESEARCH ASSESSMENT TASK FORCE

The Human Health Research Assessment Task Force consists of members of the
Joint Human Health Effects Committee. The Task Force's responsibility is to
assess the state of scientific knowledge and research on the potential effects
of contaminants in the Great Lakes on human health. The activities of the
Task Force during 1983 included the following:
-

- _

four meetings;
development of a questionnaire on human health research; and

classification and analysis
health research.

of the information received about human

The questionnaire on human health research was mailed to individuals
responsible for funding or undertaking human health research projects in the
Great Lakes Basin. In addition to identifying the principal investigator and
his organization and the funding agency, the extent and duration of funding
support was requested together with the subject of the research project,
i.e. the measure of exposure, health impact assessment and the methodology
used or the experimental design employed.
Out of 17 United States researchers contacted 17 responses were received,
whereas 13 Canadian responses has been received to date out of 22 mailed.
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Phase I.

Evaluation

Preliminary evaluation of the 30 responses is currently underway.
facilitate this, the following information was tabulated:
--

Questionnaire Mailing and Response (U.S.A. and Canada)

--

Project Category

-

3 Categories:

To

I. Exposure; II. Impact (3) Mortality,

(b) Morbidity; and III. Methodology

-

Budget (3 x 103) for 1980-1984
Human Population Studied - In the Great Lakes Basin or Outside;
and the P0pulation Size

--

--

Project Criteria

Chemical or Other

-

1)

Exposure Assessment:

-

2)

Health Assessment:

-

3)

Type of Research: Mortality; Morbidity - Cancer, Other;
Reproductive; Growth/Development; Physiology/Biochemistry;
Metabolism/Excretion; Half Life; Pathology;
Behavioural/Neurological; Attitudinal/Psychological; Genetic

-

4)

-

5)

-

6)

Population Type:

Acute; Chronic; Longitudinal Studies

Occupational; General Population; Special

Group (e.g. fish eaters)

Geographical Site of Study:

In Great Lakes Basin -

Illinois, Michigan, Ontario, New York, Pennsylvania,
Minnesota, Indiana, Wisconsin; Out of Basin

Methodology

U.S. and Canadian Agencies Actively Funding Human Health Research in
the Great Lakes Basin

-

Agency

-

Total Number of Projects Funded

-

Number Applied to:

Phase II.

Exposure; Impact; and Methodology

Detailed Analysis

It is anticipated that a more detailed analysis of the research projects
will be undertaken at a later date, probably utilizing contractual services
and closer collaboration with the research organizations. The Task Force has
yet to develop its plans for this phase.
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Chapter 2 Application of New Technology in the
Great Lakes

BACKGROUND
The advance in science and technology is an inevitable component of human
endeavour, since it is perceived that the comfort, wealth and well being of
future human existence is irrevocably tied to progress. Progress in science
is occurring in all areas at variable rates, with spurts in progress being
catalysed by technological breakthrough or human crisis. Advances such as
microprocessor evolution, environmental ethics, and chemical analysis are
having major impacts on the Great Lakes. However, there has been little or no
anticipatory preparation by government or society to allow for adjustment
either at the conceptual or program level.
The Science Advisory Board,
therefore, proposes to incorporate in its Annual Report, on an experimental
basis, a chapter on future technological advances and their potential
application in the Great Lakes. The Board hopes that this topic will open a
dialogue within the Commission in preparation for adjustment to advances in
science, technology, social thinking and perceptions.
Two research scientists have provided the material for this chapter.
Dr. Bruce Jank, Acting Director of the Wastewater Technology Centre at the
Canada Centre for Inland Haters provided information on the control of toxic
chemicals in wastewater by biological treatment and the conversion of sewage
sludge to liquid and solid fuels. Dr. Ronald Sonstegard of the Department of
Biology and Pathology at McMaster University, provided information on the
technology of genetic engineering and its potential application in fisheries
sciences and pollution abatement.

RECENT ADVANCES IN HATER POLLUTION CONTROL TECHNOLOGY
l.

CONTROL OF TOXICS BY BIOLOGICAL NASTEHATER TREATMENT SYSTEM

The role of biological wastewater treatment in the control of toxic and
inhibitory contaminants discharged to natural receiving waters is under close

scrutiny in view of the potentially high cost of minimizing the environmental

impact of such compounds. Many researchers in North America engaged in
evaluating the degree to which man-made contaminants can be removed by
conventional biological treatment are encouraged by the knowledge that
biological systems have proven to be generally more cost effective than
physical/chemical systems. In addition to biological oxidation, extensive
research has shown that volatilization, adsorption, and chemical oxidation
represent significant reactions in biological wastewater treatment systems.

Utilization of biological systems for the degradation of persistent

contaminants has been achieved by changes in biological reactor design,
process modifications, and improved operating procedures. It is well
recognized that increasing the hydraulic retention time of a completely mixed
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reactor will dilute, to more tolerable levels, the concentration of raw
wastewater contaminants that are biodegradable but inhibitory to reactor

biomass.

There is a trade off between the cost of increasing hydraulic

retention time versus the degree of treatability that can be achieved.

Powdered activated carbon is often added in the case of industrial
wastewater treatment where biomass inhibition is evident. The role that
powdered activated carbon plays in controlling inhibition is not well
It is thought that the powdered activated carbon adsorbs a
understood.
proportion of the inhibitory compounds and minimizes concentration effects,
allowing biological metabolism to proceed. The addition of powdered activated
carbon is not, however, a panacea for poor operation of biological treatment
plants.
Control of solids retention time is probably the most significant process
modification that has occurred. This has led to changes in the operation of
suspended growth systems and the advent of new reactor configurations that
promote solids retention time control by establishing a fixed-film biomass.
The retention of microbial populations by solid retention control is important
since the microorganisms of interest may grow slowly, resulting in either
washout or domination by other microbial systems.
A bench-scale evaluation of the pre-denitrification-nitrification
technology operated in the activated sludge mode for the treatment of coke

plant wastewater (Bridle et al, 1980) illustrated the Optimization of reactor

design for contaminant contrBT by hydraulic retention time and solids
retention time manipulation. Until recently, the state-of-the-art biological
treatment of coke plant wastewater was activated sludge oxidation of phenol
and thiocyanate, followed by alkaline chlorination of cyanide and ammonia.
This technology did not address the control of polynuclear aromatics that are
normally present in coke plant wastewater. A two-state anoxic-aerobic reactor
design was shown to achieve the simultaneous removal of the inorganic
contaminants and most of the organic contaminants. Most of the trace organic
contaminants present in the raw wastewater were also removed under these
operating conditions. Analysis of the biological sludges indicated the
accumulation of some polynuclear aromatics, notably, indeno-pyrene,
naphthalene, pyrene, and benzo-a-anthracene.

A substantial accumulation of organic contaminants can occur when solids
retention time control is practiced, illustrating the bioconcentration role of
the sludge. Trace contaminants of concern may be present in a raw wastewater
at concentrations less than detectable level but, with solids retention time
control, some contaminants can be adsorbed to significant levels in the sludge.
Fixed-film reactors are rapidly gaining acceptance as an alternative
improved design to suspended growth systems where population retention is
important. Fixed-film processes will foster long cell retention times and
enhance growth ofslow growing microorganisms. Furthermore, fixed-film
processes can provide cell concentrations of an order of magnitude higher than
those found in suspended growth systems, an effect which is thought to enhance
the removal of organic contaminants.
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A pilot-scale, two-stage coupled anoxic aerobic fluidized bed system was
operated over a two year period to evaluate the feasibility of removing a
range of contaminants from coke plant wastewaters (Nutt et al, 1983). The
coupled fluidized bed system was shown to be capable of achieving complete

nitrification and denitrification of undiluted coke plant wastewater without
the addition of powdered activated carbon to the system. In spite of the

relatively high systems solids retention times employed, minimal accumulation
of trace contaminants in the sludge was observed, indicating that the majority
of these contaminants were biologically degraded. Although a direct
comparison of influent and effluent concentrations was difficult in view of
the variability in analytical data, it appeared that the biological fluidized
bed process was capable of effecting a high degree of trace contaminant
control based on the order of magnitude differences in influent and effluent
trace organic contaminant concentrations.

2.

CONVERSION OF SEWAGE SLUDGE TO LIQUID AND SOLID FUELS
Current sludge disposal practices at sewage treatment plants are not only

expensive (up to 50 percent of the annual operating budget) but also

constitute an environmental problem for many communities. Obtaining the
necessary local and provincial approvals to instigate land utilization,
landfilling, or incinceration as viable disposal options is becoming
increasingly difficult. A novel technology, orginally developed in Germany,
whereby the sludge is converted to liquid and solid fuels, has the potential
to alleviate this problem.
The process appears to be very simple. Dried sewage sludge is heated to
about 300°C in the absence of oxygen. Under these pyrolytic conditions
metal-catalysed reactions transform the sludge organics into straight chain
hydrocarbons (oil) and a coal like char. These processes have been
demonstrated in laboratory systems operated in both Germany and Canada.
Oil yields ranging from 1-2 barrels per dry tonne of sludge and coal
yields of about 0.5 tonnes per tonne of sludge have been demonstrated. The
heating value of the oil is similar to commercial fuel-oil and the char has a
about80 percent of that of lignite coal. Theoretically, the
heating value
process becomes energy positive if the sewage sludge is dewatered to at least
25 percent solids. Under these conditions the char should satisfy the process
energy requirements leaving the oil as a net energy gain.

A five year research program, aimed ultimately at full scale demonstration
of the technology, is currently under way at the Wastewater Technology Centre
(Bridle et al, 1983). Laboratory scale studies, designed to generate process

design data:_are in progress and are scheduled to be completed by March 31,
1984.

--

-

The objectives of this phase of the study include the following:

to define the effects of process variables such as temperature,
residence time, moisture content, sludge characteristics, etc.
on process performance;
to characterize fully the oil and char to delineate potential uses;
to identify any environmental problems, such as the effect of
recycled aqueous effluent on upstream sewage treatment plant
operation;
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to generate thermal energy balance data; and
to design a demonstration facility for processing sludge at a
suitable location.
The second phase comprises construction, start-up and operation of a 25
tonne/day demonstration facility. This phase will define the economic and
environmental acceptability of the technology. Construction of the
demonstration plant is scheduled for 1984 with start-up planned in l985.
Screening studies conducted to date at laboratory scale indicate that the
oil yield is very much a function of both process variables and sludge
quality. Oil yields ranging from 10 percent to 24 percent have been obtained
depending upon the sludge and the process conditions. Preliminary experiments
with differential thermal analysis equipment indicate that this may be an
excellent way of correlating sludge quality and oil yield. Discussions are
also in progress to obtain input from the Canadian Centre for Mineral and
Energy Technology (CANMET) with respect to characterization of the oil and
char, and advice as to the potential end uses of the products.
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BIOTECHNOLOGY AND THE AQUATIC SCIENCES
I.

INTRODUCTION

The application of biological systems to the manufacturing processes or
service industries is an example of biotechnology. Biotechnology may
include: (a) genetic manipulation as illustrated by gene isolation and
transfer to recipient animals or cells; (b) cellular manipulation as
illustrated by the monoclonal antibody techniques whereby specific substances
are produced by the fusion of normal and abnormal cells for the production of
specific products; (c) fermentative technology related to the large-scale
growth of organisms for the removal and/or production of substances as a
result of this growth; and (d) enzyme technology for the production of
substrates that have the capacity of enhancing chemical reactions and that
form a product fran various substrates. The area is an integrated science
that includes the disciplines of genetics, microbiology, cell and molecular
biology, virology, and the engineering sciences.
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Biotechnology is a new science, launched in 1975 when it was reported that

the renoval of the genetic material deoxyribonucleic acid (DNA) sequences from

one organism could be stitched with the DNA of another living organism. The
potential applications of these technologies have captured the imagination of
medical, agricultural, manufacturing and environmental scientists and it is
apparent that we are in the initial stages of a technological revolution.
Today, these technologies are poised to make enormous impacts on man and his
environment. In the following, some of the potential applications of
biotechnology to the aquatic sciences in the Great Lakes Basin are summarized.

2.

FISHERIES SCIENCES

The application of biotechnology to fish evolves around strategies of
isolation (cloning) of genes of interest and the transfer and expression of
these genes in recipient fish. Using this strategy, it is now possible to
introduce desirable traits into an animal and genetically engineer a new

species.

Currently, there is a program to develop a "super-fish" by cloning a

growth hormone gene and introducing this gene into recipient fish. By using
this procedure, it is anticipated that the growth rate of fish will increase
by a factor of two or three. Genetically engineered fish could break sports
fishing records in every species to which this technology is applied. This
promises to launch a revolution in the sports fishing industry and in the
culture of fish for human consumption (fish farming). Similarly, any number
of potentially desirable genes can be engineered into fish using these
technologies.
In addition to growth promotion, there are possibilities for
the development of strains of fishes that are resistant to disease or tolerant
to environmental conditions such as acid rain, etc.
Disease is a major problem in fisheries, especially in hatcheries.
Federal, state and provincial governments have passed legislation to co e with
the disease problem, and the Great Lakes Fish Disease Committee of the reat
Lakes Fishery Commission has developed policies, protocols, and strategies for
fish disease control in the Great Lakes Basin. A major problem in fish health
monitoring and control is the fact that testing requires that the fish be
sacrificed (an obviously important consideration in rare species or highly
valuable brood stock). By the application of cell fusion technologies
(monoclonal antibodies) and recombinant DNA procedures for the production of
reference antigens, it is possible to develop rapid, sensitive, economical
immunological tests, which will require only a small amount of blood (the fish
will not have to be sacrificed). Using recombinant DNA technologies will
assist in the development of new fish vaccines that could be used to control
disease in fish culture.
At present, few technologies are available for evaluating the effects of
the environment on fish health. A number of testing protocols evolving out of
the technologies already described for fish disease diagnosis, will soon be

available for evaluating fish health (i.e. endocrinology, physiology).

These

technologies have had major application in human medicine. These tests
promise to be extremely valuable tools to assess environmental toxicants and
to develop programs for their abatement.
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3.

POLLUTION ABATEMENT

The environmental pollution problems in the Great Lakes Basin lie in two
major areas: toxicants (particularly persistent chemicals, e.g. dioxin) and
nutrient loading and resulting eutrophication. The Great Lakes Basin
encompasses one of the world's largest industrial, urban and agricultural
regions. The discharge of industrial chemicals, municipal and industrial
waste water, and agricultural runoff have made major impacts on the Great
Lakes ecosystem.
Many of the toxicants of concern to the public and fisheries agencies are
persistent in nature. These chemicals persist in the environment by virtue of
their unique chemical characteristics against which normal microflora have no
enzymes which can utilize these chemicals as a subtrate. By the use of
recombinant DNA technologies, it is possible to select for and isolate those
genes whose gene products (enzymes) can degrade the toxicant of concern. In

the near future, generations of "super bugs" may be available for the
detoxification of dump

sites, spills, and contaminated water, etc.

One of the success stories of pollution control in the Great Lakes Basin
involve the reduction of nutrient loadings through the use of water treatment
facilities. These treatment facilities are based on turn-of-the-century
technologies and represent one of man's most successful applications of
microorganisms. The treatment processes are basically fermentative, using
natural populations of microorganisms to reduce organic wastes and pathogens.
Today, it is generally assumed that the application of biotechnology to
treatment facilities will result in more efficient processes.
In light of the costs of waste treatment and disposal, there is increasing
interest in waste utilization. There are two approaches being considered:
direct recovery
oraccumulation of valuable materials from wastes (e.g. metals)
and/or the transformation of wastes into materials of value (e.g. protein for
animal feed, or biogas). The utilization of wastes that pose environmental
concern (e.g. forest pulp and paper industries) using genetically engineered

microorganisms will limit the discharge of toxicants and nutrients into the
env1ronmen .

4.

EPILOGUE

It is apparent that bioengineering has vast potential. The application of
this technology has mushroomed throughout the scientific and business
community. To date, the environmental and social implications of these
technologies have been partially obscured by their economic potential.
It is important, however, to address the effects that these technologies may
have on the web of life that supports us. There is always the possibility that
genetically engineered organisms may escape into the environment while others
will be released intentionally. Are we laying the groundwork for irreversible
evolutionary changes that may create an unacceptable environment? In the effort
to create more perfect life forms, we may be engineering a monolithic unstable
ecosystem. We must resolve the risks of irreversibly altering the gene pool
which has evolved over millions of years. In reality, we really do not
understand nature. There is only one biosphere. There is no margin for error.
Whereas this might sound pragmatic today, tomorrow it may be paradoxical.
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